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Abstract Non-negative Matrix Factorization (NMF) is a popular technique for representations
of non-negative multivariate data. While treating a set of matrices, NMF is confronted with two
main problems (unsatisfactory accuracy of representation and bad generality). In this paper,
Non-negative Matrix Set Factorization (NMSF) is conceived to overcome the two problems and to
retain NMF’s good properties. Under the frame of NMSF, Bilinear Form-Based Non-negative
Matrix Set Factorization (BFBNMSF) is systematically studied, and a monotonic algorithm of
BFBNMSF is put forward. Theoretical analysis and experimental results show that while process-
ing a data matrix-set, BFBNMSF results in more accurate representation and holds better gener-

ality than NMF, therefore it tends to extract more essential features of data matrix sets than

NMF.
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243D IR RMA T E0 T
(L.,R.D*, bk = 1,2, ,N} =

m n N
arg min E E E .
0= k

LR.D". i=1j=1%k=1

E=1.2. 0 N

{({A, —[(L+&) (D" +&,)(R; +8)];} /05 }°
(16)

i — i o = HE W (16) S T

{L,R,D*, b =1,2,++,N} =

argmm Z |A*—(L+g) (D*+&,) (R, +&)| %

OLRD k=1
k=1 \

(17)

B . X (7) KR 1) BFBNMSE I 6 A5 59 52 B
ETEGE EY (1=1,2-- Tk =1,2,,
NO ST A IE 2547 A A5 00 B X LR flD* (k=1,
25+ s NO A R AR A 3
3.6 BFBNMSF &%

4 3. 4 rh g LA, AT HERR AN 4 D
P CIIE B UL B 55

EE 1. fER=0F{D'=>0,k=1,2,
EE LR .2 L(present) Z A7 4%
L(new)= L(present) (X

smsj=1,2,%

s N} [

DIA(D! £, (R+£)]TO

N
{[L(present)-+&, | E [(Dk—'—spk Y(R+-€¢) ]+

[(D*+&,)(R+&)]"} (18)
JE# Lol i (7) tp i) BFBNMSFE H 47 pR 50 F %
H L(new) 3k it (GO © 43 548 2 04 35 5 7fe 1 5%
TEOFE present REFEZHMHIRES . EOHFE new

KRBT H G TR,
FIE 2. 7 L>0FM{D'>0,k=1,2,-,N}

EMTEOT . 2 R(present) ;ALK 4%
R(new)=R(present) )

N
DL+ &) (D" +£,)]"A*®
k=1

{ZE(LJrsL)(D"’ +eg,0]"

[(L+g)(D"+g, )][R(/Jresent)Jfb‘R]}

(19)

P R A (7)) BEBNMSE H b ok £l T %
H R(new)dE.

'/-:L:H,EES. vpe{laza"'eN}vVC6{1929"'9
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L} it U= (L+&)"A” (R+&)",S=(L-+¢&)" (L+ 4.1 HirAH

TR (R . 2 S (D I 3 Ml R TR E R IR ) E R T/ ix
8 T=R+8) (R80T VE=UL = 20 SWDL+ o yosmayete e gé b o JE 440 £ 0. (B
S,,p.u)Tw»aﬁH%ViG{1,29"'911}’\/?12097@% Dl)fﬁl\ &Wﬂ‘@ﬁ%%ﬁﬁi%jﬂ A k=1,2,,N}, A" &

{D*=0,k=1,2,-+,N},L=0 F1 R=0 [ & 1%
T .2 D% (present) &R T RY 4%
D’ (new) =V, & D.(present)®
{STL“.[Dﬁ.(present)er‘vﬁ‘]} (20)
Ja#E DL A (7) i ) BEBNMSF H i o $0E T
F& H D’ (new)JE 1.
EE 4. fERR DIAMID =0,k=1,2, -,
N}.L FR [R50 R .27 iy BEBBNSF H
T bR R AE
D! (new) = max{—eJr

4

{vi.— > [ST. 1, (D%+e} /[ST. 1,0}

2D
Ab B FXE DY AT AR GRS f ME IR 2 =0,

max{x, 0} AN 2; MR »<<0, max{x, 0} ffi x
W),
MR 2 3 1~ B 4, TR 3 A0 1A 3 T 7 1 BRL 0]
BFBNMSF 8.3k (Phi% 3R 7).
Input: {A*,k=1,2, -, N}AK L), L,

FE LB U4k L=>0,R>0 F1{D*>0,k=1,2,
LW T AR BRI
R 1 AT A8
WRE R 2 P AT A9
p» M 13 N do:
c M 13, do:
WHRYIE (1,2, },VE=0
e B 3 AT 0 (20)
7
g M 17| do:
e 4 AT 2D
Output: L,R fI{D*,k=1,2,-,

3 iR BFBNMSF &3

%

X HB 43 I — 2 S 55 55 ik A 3 R A P SR B
BFBNMSF [t NMF $fiif Jy 5 HE) ™ P 4F. B T E 55
43 #r (Principal Component Analysis, PCA)M &

B A EE H R T BT AR R 19 Fe i s g v
PCA W AE 8 b BTy i 2 —. (i o SC 50 15 iy
BUEZR B W AT IR S HR K A T 2 4
BHEHEAT 3 0 4 FOHE 7E FE AR SRR 28 Y 45 U T
FETE2E 5t

s N}

N}

4 =

m X n HEY AR TR 45 ) 8 L BEBNMSF i
HIELE 2 maN/[(ml, +nl,) + 1,1, N, fff NMF
I FE 45 %8 maN/ Gl 4+ LN) L i PCA i 1 JE
45 %W R maN/(mnL + LN) (PCA X408 B4 1 %)) 4k
WH L £7R).

XA AL 3 A8 . A4 502 ORL
NGB e 400 T 1]V PTE A B0 % 7 P2 (r
Y TE TH 6 BRR Y &% A 2 25 B iy 3k 884 i K] A
MIT 15 N B ) 924 g E ©.

FI X 3 A .3 Bk LB my ik N
VEAL B 5 A 0 B0HE 5 A6 KA 1] % A X 58 22 R
7)) 53 IAEAS TR FE 46 28 (R AR 22900 2 1) 1R 3] 7 1)
BT HITE B 41 6 FE 8RR A T 3 Rk
PO T i T3k 3 AR 1Y log, R4 %) - CF-#4)
AR 22 Hh 2k, B 418 6 KT 8 LA bR 3428 G- 34D
AR IR 22, X &8 8 T & W, B A 5¢ BFBNMSFE
I NMEF (1) 45 A B4 #6556 3 BT 10 1k
BE AL 46 A A5 B0 1 10 A ik 1 AH X 15 22 1 S 2918 5

0.27
0.25F
- 0.23F
#0210
K 0.19F
= 0.1?-
2 0.15f
\;: 0.13F
=0.11F,
5 0.09F o BFEBNMSF
~0.07 * NMF
0.05F o PCA
0.03 | | | L I I
1 2 3 4 5 6 7

log, FE 4 %)

€ 4 BFBNMSF,NMF i PCA [a] {4 34 71 b 52
(& T ORL A 048 %)

J

JE BFBNMSF 4 €]

FAeee e e

II:I*,»IIIIIIIIII
SRS ﬂ ﬂ B B
4k
RGNS P 3 HE
_,l i
2 32 128  H4A%R
K 5 BFBNMSF,.NMF F1 PCA [a] 4 iR 17 %8 7w B

GREIPIRE T E ORL A EE

@ MIT CBCL PEDESTRIAN database, at MIT CBCL Center
for Biological and Computational Learning. http://cbcl.
mit. edu/soft- waredatasets/PedestrianData. html.
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PCA JZA4 f# A i 19 J5 15 A & PCA 1 B4 A
— WA R B AT B2 RO ¥ A

BEBNMSF py iR /e 1K 4. & 6 FIE 8 v i ik & 5
T N HAEEA B ey NMF fil PCA [y ik, ixX i
B 5] FE 45 % F , BEBNMSF [, NMF il PCA % i f4:
LIRS £

oo
9

G-I AR 3 22
OO0
QOO OHFFHFHENDNDN
WUTJO = WUTWO = WUl

o BFBNMSF
o NMF
o PCA

1 D 5 4 5 6 7
log, (L4 %)

K 6 BFBNMSF.NMF #1 PCA [a] ff i 77 kb &

L F PIE AU E 0+ )

B BFBNMSF # £ %]

dddddddd

ddd'didd e
iq 14

PCA T 4
1 2 4 64

ddddid

128 4%

7 BFBNMSF,NMF il PCA [a] {4 i Jy b 357w 4]
R p R B PIE A 0 126

0.26 F
0.24

o BEBNMSF
¢ NMF
o PCA
1 2 3 4 5 6 7
log,(HE4i %)
K 8 BFBNMSF,NMF #il PCA [a] iy 4 i /1 H &
(FEF MIT 17 8080 )

BFBNMSF # £ [&]

IELREEY

NMFE 2 &

SRR ARA,

PCAHE ¢ %]

REZELEL

2 64 128 JR4HFE

Kl 9 BFBNMSF,NMF # PCA [a] ) i i& 1 Ho 3 4]
OR b s R E MIT 47 N800 )

B5E 7 AR 9 AR 4 1 6 FEL 8 Tl
SR A ZE R T R X Se B B WM SR T
LiR4E
4.2 HIH

AN HOEE AR 3 R AR AR AR M i 22
S 88— 1 S BRAR bR IO H R R B R R A R AL
it  BEBNMSF X Il ZR 508 i il ik w222 1
NMF 1 PCA P 2 7 4 7] 4 i 7 8t~ L ik BFB-
NMSF B (1 45 5 5 8 g & T NME B A i
PCA Y JE 45 %) . 40 5 itk Bf BEBNMSFE X il 2 %%
PR & 1 T NMF #il PCA, JF 4 ¥t 9] BFB-
NMSF 5 Y1l 25 54 19 £ 38 7 5 60 032 5040 1 4 38
I 2% 5 /N T NMF F1 PCA %I 25 5088 (4 4 3R Ty
B0 0 B A 0 AR U ) 25 &, BP BEBNMSF [
NMF il PCA fy#E) P47

F 1 LL ORL JE /Y 400 g By Il 5 B, LA
YALE J \PIE g1 UMIST J i 4% Sk Il 5 3
25 TR 3 Bh O A ) M AT L RSB R
). 3 B, 7E R4 B8 225 A4k R A IS R . 5
BFBNMSF [ [E 45 % (44. 3) 1T & Tt NMF F fig
PCA [ JEZi % (1. 71) , BFBNMSF X} 1| 25 %5 4 1 %
W J125F NMF il PCACRL 2 1 il 2145 1R )7
T T A ] R X Y R A 2 25) 5 {H BFBNMSF
%t YALE Fg . PIE JEf1 UMIST Fg 1% 0 16 i H7 3
LT NMF H PCACULZE 1 v ) I ik 4%

5117 E P R L R A FE AT R 22D,

&2 Rk 3 WA T XX 3 B iAo
TR MR R ). 53 1 ANFMY 2. 3% 2 DL PIE &
TPE 9 SRR T A5 A A )6 BER B8O
1) 1428 g & I 2R 4 . L YALE FE L ORL |
UMIST JE DL} PIE JE /) E 7% (i f A0 IE
IR & P A B, 2 884 M L 4. 1 /N i 9286
1b 3k 41D BRI S #% 3 DL MIT JE
924 1 8 R I 2R B4 LA INRIA PE &A% g I 3t %
. %2 MK 3 MEIEN 5% 1 80 e E
151 0 BCH -t #8439 L LA 2 WL i B T BEBNMSF
FEXT YR504 1 3R ) 22 7 NMF F1 PCA (1 B¢
X IREE 1 34 ) 4FF NMF fil PCA.

@ INRIA Person Database. http://pascal. inrialpes. fr/data/
human.
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% 1 BFBNMSF . NMF LK PCA [B Ry 4 bb 8 R B (I SR 8038 5 ORL N B ##E )
Ve N T A 2 R R
B ORL & HU YALE f H Y PIE fi¢ I [ UMIST [
s >
B
lg ~
B 11X12:15X15/}£gﬁ§:$:44.3
g E ? -
N g ey J X!
S =
F TR 0.101 0.125 0.120 0.117 0.093 0.101 0. 105 0.107 0.121 0.115
L=225/x %% =1.71

N - E
M | 1 ‘?""
r| 2 i d

iR 0.092 0.106 0.103 0.268 0.268 0. 244 0. 180 0. 196 0.173 0. 249 0.227 0.233

L=225/K4%=1.71

P i - . 2 i
A & {; | o ™ X

iR 0. 060 0.693 0.077 0. 200 0.184 0.191 0.153 0.153 0. 150 0.192 0.167 0.202

A (D YR B  ORL JE B 4535 400 W8 5] 5 (2) FR 45 2246 %5 U 25 80 b 09 TR 46 285 (3) 15 22 48 TR I I AR X iR 22
% 2 BFBNMSF.NMF LK PCA (8 g L 86 G 2R 8038 PIE AR SR ER F &)

e N i R N ]
I A PIE &1 I H YALE J& B H ORL J HH UMIST WA PIE FEHE T
g i Ral s
i B o |
B U X1, =15X15/ K45 % =35. 69
B - — -
B H ‘;’ : v u
N : \ ' o " ¥
N E E E = E “ ﬂ | —‘ '-_;" (
S
F[i®2] 0.090 0.096 0.102 |0.135 0.113 0.109 | 0.113 0.129 0.147 |0.158 0.151 0.129 | 0.147 0.118 0.179
L=225/E 45 % =5. 40
N " : . g_ L i 'J i
T i Bl » : -
M \ W W ] - ;
| E E E ' . ' - m ! W % 3 1R
P22 0.063  0.056  0.058 | 0.271 0.240 0.228 | 0.155 0.166 0.197 | 0.256 0.269 0.243 | 0.232 0.166  0.247
L=225/E4i % =5. 40
P : e 3 ;
TEENS VAP EHGE @AM
’ " i L= ] 3 ) o
P22 0.042  0.034  0.035 | 0.181 0.166 0.158 | 0.136 0158  0.159 | 0.186 0.189 0.185 | 0.192 0.150 0.203

TE: (D PR A PIE Rl 9 5 B HLBR Y 1428 15 P 5 (2) K45 245 b I 2R BN i 47 3 5 (3) 1R 2% 45 9 1 I 039 A 0T 2 2 5
() L] PIE JE BN ZE 8047 23 5 dn 5,29 A1 7 S BHRHLAA 5% C5 UL ERIE B0 30 5 M AR D).

% 3 BFBNMSF . NMF B PCA BRI M b 8 RG] Gl 2R #8048 5 MIT 17 N 38 &)

YRG5 R B R A MIT )

PN 25

/B BCH INRIA )

(R

. i !
B L X1, =15X15/E45 % =19. 35
B - - A
B
Eil
N
M & ‘
S
F

0.165 0.161 0.168

0.143 0.170 0.136

0.162 0.162

0. 147 0. 135
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(8
L=225/E4i % =3. 39
N
M| B .
F B
R 0.131 0.239 0.221 0.218 0.234 0.225 0. 204
L=225/E4i % =3.39
P
i
C
RE 0. 085 0.119 0. 083 0.167 0. 208 0.178 0. 202 0.183 0.169 0.178
(D YIZRBUE R MIT J [ 435 924 B8 18] 5 (2) FE 45 R 48 X1 SR80 10 FE 45 2 5 (3) 15 22 15 B/ i (g M0 i 22

e 1.3 2 FnEE 3 w45 2] i St ) 25 38 22 - Il 4k
BOHE A BOHE S B 42 i), BEBNMSF 25 5L 5 4k ) 1% 1
NMF #il PCA 25 R #E) 2418 £.

i#

5 %

A 67U B 40 it (NIMIF) S — AN 55397 114 HL ok ik
# AR 7 2 o0 8086 i 3 U5 2. NME (19 40 38 % 42
AT bR ) AR Ry A RROHE o B A RS T NMF
A 3 R R A v ) R B R A — R R Ak X 6]
N ) NME 2% ] [a] 851 s Ay i 78 (1 /N B s ] 352, A T
i NMF 25 5 (438 J) Ao e M2 i & fli g 2
B [ S NMEF (19 0] i FH PR AR 25, B NMF 2
K4 NMF Z 6, A SC#8 T AR 5 B 48 2 1
(NMSE) iy #% &, 76 NMSF BHEZR R, & S 0750 1
HE TR M AL Y E 175 B 4R O3 i (BFBNMSFE) , 73
Hr 7 BEBNMSF [y 24 J& ¥k, 13518 T BFBNMSF 1
i s R AR, ST — AN B3 ) BEBNMSF
k.

FEE 43 AT R0 SE 56 25 SR 45 32 B b H A i R 4
i, BFBNMSF [t NMF [l ik F7 a8 4 PR 4. it
HbHE SIS L B R I BSOS # 3k O i ——PCA
WHAER T BRI 2 — L5 i 45 i 48w - b
FRBCHE 4 B 42 i) BEBNMSF i1, e PCA $3& 7 38 |
PR T B L S 0 Rl A RN A A T
PER UK % th BFBNMSFE $£2 B (9 $00C06 26 B e AiF 2
Hot NMF F1 PCA 42 B i B30 56 B R AE 3 2
A .

A SCH ) NMSF Jy fif gt NMF Ab 2 54 4
i oA R o ) 0 [ R AR T — A — R 1 R A AE
20 AR ) NMSF S23UE Xl 8ok F. A [A] 52 3L TE
A HY NMSF SB35 28 30 [A] i AR B0 A R f e

T AR B B A S R R R L S I 2 e I A g S e B
PR Hofth NMSF B0 2 ik — £ 1 iF 58 B b,

& £ X #
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M., XHE®E 1~EH 4 arEm.
EX. WHE QH.G)=FH).Y%HY G=HWH

Q(H.G)=F(H) M Q(H,G) A F(H) I — 05 Bh s %K.
hZJEHES T E X BHES 2 A5 .
31 1. R QH.GN FUD M LB k% H G
B2 J5 - QUH G J& H 1™ 6 ™ bR K5 MK R
HT™ = arg&nin Q(H,H") (AD)
VAR H W F CHD ™4 598 R B HORDH ' 43508 H 24
0 BT .

EW. FHTH=GMH" ,H)<GH'.H)=FH").
513 2. aly—inkt,diagla) Lk a BICE KX LT

R XAk .A RS diagla) KN B XTFREE A LA, 0004,
KA WREAEAE I af A ,add, oo aid, Hy diag{a} Adiag{a) i)
FRAEAE.

. XA MR Sy A A=D"ED . X=diag{A, .
Agseres A b RL A PIRRAE (A A XS MR TT R M FFE LD &
A WRRAE [ 32 20 B A 46 B B D A RRAE 1 2 A HE RO 5 R AE
{HAE X AR f 4 B HEO0UF — B0, W diag{a) Adiag{a} =
(Ddiag {a})" XDdiag {a} = D" (diag{a} Xdiag{a})D =
D"diag{a?a, sajA;, .=+ aid, ) D.

1. XfZEE 1 KYIERA

TR F DU AL Ry TR E (D =0, k=12,

R=0 MG 6L T -

» N} A

N
min > | AL — (L. +& )(D" +2,)R+2)|}
0=L,. i3 i

i=1.2.m

(A2)
ELHE R 20 CA2) f Ak J2 AR PR R 119, 33 T A ke o e A 1 S
B A 3 — 407 10 R e e e B R A N (A2) L XAl
1l BRI B A R 52 A T AR T AR PRI 0T G ARG A T 7 B
GX AP 3 B 7E DUR 19 LA & BIUE W b 2 22 e 52 T 3
M ZJE SEAN R8T, Lo 14 H A o6 80AT A 8 8
F.(L.) = z\: (L. + &, ) (D" + &, )(R+ &)

k=1
[(D* + &, ) (R+ &) ]" (Li. +- & D" —
2ALL(L;. + & ) (D' + £, (R+&)]" (A3)
4 (D' g, ) (R+g,) =H", (D' +&,: ) (R+g)[ (D" +&, )
(R+e&)]"=C". B

cessing). 2nd Edition. Beijing: Tsinghua University Press,
2006 (in Chinese)

(. BGRIRCE— BB, 5 2 . a3
A KA MURE . 2006)

(K} (B.) ]y = 0u[(B.+ & )C'], /(B +¢€1) (A4)
1 0<Tel<Te. fRMASCHRLO I Al 1% 4 35

v
Q.(L...B.) =F,(B.)+ > (L. —B.)Ki (B.) (L. — B.)"+
k=1
2(Li. —BOLC"(B. &, )" — H'AL"] (A5
Ll[_kl‘?\}\g QL (L,. 5L1~):FL (L,.).

o

Fi(L.) = >, —2AL0(L.+& YH']" +

k=1

(Li.+ & DC* (L. +&_)"

N
=D —2AL[(B.+& JH']" +

P

(B.+¢& )C'(B.+g ) —

(B.+& )C'(B.+¢g )+

(L. +& )C'(L.+8 )" —

2A4L[(L. +& OH']" + 2AL[(B.+& )H']"
N

=F.(B) + > (L. + & )C (L.+& )" +

i1
(B..+& )C"(B.+& )" —

2(Li.+ & )C" (B +& )" +
2(Li. + & )C" (B.+ & )" —
2(Bi. 4 & )C"(B. +& )" —

2ALL(L.. + & YH']" + 2AL[(B. +& )YH']"

N
=F.(B.) + > (L. —B.)C' (L. — B +
k=1

2(Li. — B.)[LC"(B.. +& )" — HAL"] (A6)

v
FFBL Q. (L. B.) — Fy (L) = (L. —B.) | >) KL (B.) —
k=1

ck] (L.—B,.)" AL 4283 2, VAE (1.2, . N}.K: (B.) —

CHFIE 5 4 FL ALY diag {(B.. g1, )} (KL (B.) —C ]+
diag{ (B;. +&ly )} IEE. el 5 & LURBE 9 7 L 3, (1
el WAL E B R el. Voe R 5 BESCHERLO I 0 B % 7
v'diag{(B;. + £ly ) VK% (B;.) diag{ (B.. + gly )}y
4 4

=20 2 0By +eD(By +eDudy,

a=1 b=1
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[(B.+ &, )C*]./(Bi + D)
N it

= DV (B, +eb) D (B, + ol T,
a=1 i=1

h 4
= ) DB+ DBy +eDLC L (ok + 2 )+

a=1 b=1
b4
DD N(Bi e (e —eD[C ], 0} (AT
a=1 b=1

B 2,

v diag{ (B.+€ls )} [ K] (B.)—C"Jdiag{(B.+&l5 )}v

ho 4
= D) DT Bt (ByteD[C L ok + 54k )+

a=1 b=1

b4

20 20 (Buel) (e —eD[C 0l —
a=1 b=1

b4

D1 D 0 (B +eD[C ], (By+el)y,
a=1 b=1

b4

= D) D€ L (Bute (B el (oo

a=1 b=1

Uy — Vs >+

h o4

DIDNCH T (e—el) (B, +el)ef =0 (A8)

F Q. (L. B.) —F (L) =0 iR¥E=E XL, Q. (L. ,B.) &
Fo (L)W Z ook B s %L &€ (D* =>0,k=1,2,--, N} ,R=>0
A B..=0,Qu (L. . B;.) & L. B % ™ bR 80, T LITE Qo (L.
B [ — i /IMEALE

M 22@ —BOK.(B.) —
[ALH' — (B, 48, )C'] = 0 (A9)
WB 2 s/ IME AL

.
L.=B.+ >, [ALH'" —

k=1

.
(B.+& )C'T{ DKL BT}
" k=1

(A10)
U TETEL
Fy (L) < Fi.(B.) (A1D)
HALEE Ly - di AT
(B, +sl>[iAf.H”]j
L, =—el + Lol (A12)

N
[(B.+g ) >C ]
k=1
B el1—0,

B, [ ZV:Af’. H

L; = = (A13)
[(B.+5 > C ]

4 B=L( present) f1 L= L(new) 43 32 L 1) 24 5 (& F1 8
HE B A CALS) AR BE B R IR 48 CF R HY (1) 3R 5k
LA (A1), BAEX(AID A 7E R=0 FI{D* =0,k=1,

N} & B oL T 3%

N
L(new) =L(present) () ZA’“ [(D"+ &) (R+€)]TO
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Background

Non-negative matrix factorization (NMF) is a relatively
new but more and more popular method for representations
of nonnegative multivariate data. NMF can reveal the latent
structure, feature or pattern in the data, so that it has been
applied in several research fields. However, NMF is con-
fronted with two main problems (unsatisfactory accuracy of
representation and bad generality) while the processed is a
matrix set, because the object processed by NMF is intrinsi-
cally a set of vectors, and because the necessary vectorization
for every matrix in the processed matrix set often make the
dimension of the parameter in NMF learning to be much
greater than training sample size so that the learning becomes
typical small-sample learning.
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Natural Science Foundation of China, non-negative matrix set
factorization (NMSF) is conceived to overcome the problems
above and to retain NMF’s good properties. As opposed to
NMF, NMSF directly processes original data matrices rather
than vectorization results of them. Under the frame of
NMSF, bilinear form-based non-negative matrix set factori-
zation (BFBNMSF) is systematically studied, and a mono-
tonic algorithm of BFBNMSF is put forward. Theoretical
analysis and experimental results show that while processing
a data matrix set, BFBNMSF results in more accurate repre-
sentation and holds better generality than NMF, therefore it
tends to extract more essential features of data matrix sets

than NMF.



